A B S T R A C T The natural killer (NK)-interferon (IFN)
system is shown to be significantly involved in the resistance of host to viral infections and to tumors in numbers of animal models (1) (2) (3) (4) . The patients with Sjogren syndrome (SS) as well as those with collagen diseases were systematically investigated for the functions of NK-IFN system, including endogenous and augmented NK activity, IFN production, and responsiveness of NK cells to IFN stimulation, using virus persistently infected cells (HeLa-measles cells) as target and stimulator cells. Although endogenous NK activity was not reduced, augmented NK activity by HeLa-measles cells in vitro was significantly depressed in patients with SS compared with that in age-matched normal controls. The patients with SS had also impaired capacity to produce IFN, which is shown to be a major factor regulating NK activity (5, 6) in response to HeLa-measles cells in vitro. In three patients with SS who showed severely depressed NK activity, the effect of exogenous IFN was examined, and virtually no augmentation of NK activity was observed in all cases. Under the same condition, the normal controls deomonstrated a dramatic increase in NK activity. The reduced IFN production was observed in all examined patients with SS, whereas impaired augmentation of NK activity by the stimulation with HeLa-measles cells as well as IFN seemed to be more striking in patients with the systemic manifestations of the disease, such as hypergammaglobulinemia and lymphoid hyperplasia. The possible involvement of dysfunction of NK-IFN system in the systemic manifestations of SS is discussed. INTRODUCTION Sjgren syndrome (SS)' is a chronic disease characterized by "sicca" symptoms due to the lymphoid cell infiltration of exocrine glands (7) . The etiological causes in pathogenesis of SS are still unknown. The possibility of involvement of viral infections, for example, has been raised (8, 9) , but has never been established. In SS, there are frequent systemic manifestations including hypergammaglobulinemia with various kinds of autoantibodies, varying degrees of lymphoproliferation from benign, transient lymph node swellings to overt malignant lymphomas, and the involvement of other organs (7, 10) . It is also frequently associated with other autoimmune diseases (7) . These and other observations, in which a number of conventional immunological responses were reported to be abnormal in patients with SS (11, 12) , strongly suggest the involvement of immune dysfunctions in the pathogenesis of SS.
In our study, we systematically investigated the functions of natural killer (NK)-interferon (IFN) system in patients with SS. NK cells were originally reported by Herberman et al. (13) and Kiessling et al. (14) as spontaneously cytotoxic cells to various tumor cells, especially of lymphoid origin, in lymphoid organs of nonimmunized animals. We (15, 16) and others (17) have found that these NK cells were also preferentially effective in killing virus-infected cells, and that IFN played a central role in the regulation of NK activity, providing the concept of an NK-IFN system as a distinct host defense mechanism against virus infections and tumors. The NK cell is also considered to be one of the candidates for the immune surveillance mechanism of the host against tumors, based on the observations in congenitally athymic nude mice (18, 19) . We ) and incubated for 6 h. In every point, triplicate cultures were set up. The culture supernates were then harvested with Titertek Supernatant Collection System (Flow Laboratories, Inc.), and the radioactivities were counted by gamma-counter (Aloka ARC-451, Aloka, Co. Ltd., Tokyo, Japan). The percentage of specific 51Cr release was calculated as follows: percentage of specific 51Cr-release = (experimental release -spontaneous release)/(maximum release -spontaneous release) X 100, where maximum release was determined by the addition of 1% Triton X-100 solution (Sigma Chemical Co. St. Louis, Mo.). Spontaneous 51Cr-release for HeLa-Ms cells was -10%.
IFN assay. IFN activity in the culture supernates of various MLTC was assayed as described (16) 
RESULTS
Endogenous and augmented NK activity in patients with SS. Endogenous and in vitro augmented NK activity by the stimulation with HeLa-Ms was studied in 13 patients with SS in comparison with that in normal controls, patients with collagen diseases without SS, and patients with virus infections. HeLaMs cells were used as target cells. The results are summarized in Fig. 1 . The endogenous NK activity in patients with SS was not different from that in normal controls, whereas the augmented NK activity was found to be significantly depressed in patients with SS (29.9 ± 16.5) as compared with that in age-matched normal controls (54.9 ± 14.4)(P < 0.01). Because some of the patients with SS were associated with RA or PSS, the NK activity of patients with RA or PSS without SS was also examined. Neither endogenous nor augmented NK activity in these patients was depressed. Using K562 as target cells, it was reported that the patients with SLE had reduced NK activity (21, 22) . As also shown in Fig. 1 , no augmentation of NK activity was observed in patients with SLE, although endogenous NK activity seemed to be maintained in these patients against HeLa-Ms cells. In animal experiments it is known that NK activity is augmented rapidly following acute virus infections (23, 24) . We thus examined NK activity of three patients who had probable virus infection with the evidence of hepatitis by liver biopsy and lymphadenopathy. Endogenous NK activity in these patients tended to be already markedly elevated and further augmentation by the contact with HeLa-Ms cells was also observed. To ascertain the reproducibility of experiments as well as the observations above, NK activity in normal individuals and in patients with SS or virus infections was repeatedly examined in independent assays after intervals of at least 1 mo. The results are shown in Table  I . First, both endogenous and augmented NK activity in each individual of normal controls were quite reproducible in independent assays. Second, the depression of NK activity in several patients with SS was constantly observed by multiple assays over the periods of months to a year, although in some other patients the NK activity was close to normal. A patient (case 1) had received extensive plasmapheresis between these assays without essential changes in NK activity. In another patient (case 5), there was elevated endogenous NK activity in two independent assays, whereas no further augmentation by the co-culture with HeLaMs cells was observed in both experiments. In contrast, marked elevation in endogenous NK activity in patients with virus infections was followed by decline in activity by the second examination after a month or so, when clinical signs and symptoms also subsided.
Depression of the IFN production in patients with SS. The important role of IFN in the regulation of NK activity has been well established in both murine and human systems (5, 6 BL (5 X 106) from normal individuals, patients with SS, or patients with acute viral infections were repeatedly obtained at intervals of more than a month, and cultured with or without HeLa-Ms cell monolayers for 18 h. Both endogenous and augmented NK activities were assayed as described in Methods by 51Cr-release assay at 50:1 A/T ratio. The percentage of specific 51Cr-release in each independent experiment (in -parenthesis) and the mean values are shown.
I Net increase = augmented NK activity -endogenous NK activity.
virus persistently infected tumor cells was due primarily to IFN produced by the stimulation of these cells (16) , and that the process was essentially responsible for the resistance of congenitally athymic nude mice to these virus persistently infected tumor cells in vivo (4 Fig. 2 . It is clear that most of the patients with SS showed reduced IFN production in response to HeLa-Ms cells in vitro (mean 55 U/0.1 ml) compared with normal controls (mean 545 U/0.1 ml), and the reduction was statistically significant (P < 0.01). The IFN thus produced was resistant to pH 2.0 treatment, derived mainly from non-E-rosetting, nonadherent cells (1,024 U from E-fraction and 64 U from E+ fraction of PBL), and was considered to be IFN a.
Decreased responsiveness of NK activity to IFN in patients with SS. The second possibility was exam- RA PSS (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) FIGURE 2 IFN production in vitro in response to HeLameasles cells by PBL from normal controls, patients with SS, and patients with RA or PSS. Freshly isolated PBL were cocultured with HeLa-measles monolayers for 24 h. The culture supernates were harvested and assayed for antiviral (IFN) activity. The culture supernates of PBL alone either from normals or patients, or of HeLa-measles cells alone did not have significant IFN activity (<4 U/0.1 ml). Each point represents the mean value of one to four independant experiments of each individual. The mean±SD of each group is also indicated.
ined by pretreating the PBL with MLTC supernates of PBL and HeLa-Ms cells containing IFN activity as well as with purified IFN a, and then by assaying NK activity. The representative cases of patient with SS and normal control are shown in Fig. 3 . NK activity of PBL from normal donor was greatly augmented not only by the direct contact with HeLa-Ms cells (Fig.  3A) but also by the pretreatment with MLTC supernates (Fig. 3B) . The capacity to augment NK activity of the MLTC supernate from normal PBL and HeLaMs was more potent than that of patient PBL and HeLa-Ms, conforming to the finding that the former contained more IFN activity (512 U/0.1 ml) than the latter (32 U/0.1 ml). Neither culture supernate of PBL alone nor that of HeLa-Ms alone (IFN < 2 U/O.1 ml) showed any significant effect on NK activity. The evidence that NK augmenting activity of MLTC supernates is really due to IFN is shown in Fig. 3C . The NK-augmenting activity of the supernate was completely abrogated by the coexistance of specific antihuman IFN a-serum. Furthermore, the NK activity of normal PBL was similarly augmented by purified human IFN a. In contrast, as shown in Fig. 3E and F, the NK activity of PBL from a patient with SS who showed no NK augmentation by HeLa-Ms cells (Fig.  3D) was not significantly affected by either MLTC supernates or purified IFN. Essentially similar results were obtained in three other cases of SS examined (Table II) .
These results thus indicate that, in some of the patients with SS, not only the capacity to produce IFN in response to HeLa-Ms cells but also the responsiveness of NK activity to thusly produced IFN is severely impaired. Taken together, these findings strongly support the idea that basic dysfunction of NK system in these patients with SS resides in the potential responsiveness of the system to the exogenous stimuli such as virus persistently infected cells. (Fig. 1) . Using the most popular NK target cells, K562, essentially similar results were obtained, although the reduction tended to be more striking when HeLa-Ms cells were used as target cells (data not shown). The degrees of reduction, however, widely varied from one patient to another. Thus, approximately half of the patients with SS had severely impaired augmentation of NK activity, whereas the other half had the augmentation close to normal controls. On the other hand, almost all patients with SS have been shown to have reduced capacity to produce IFN in response to HeLa-Ms cells in vitro. The degree of the reduction in NK augmentability did not necessarily correlate with that of IFN production in each patient with SS. Thus, it seemed necessary to examine the responsiveness of NK activity to IFN, especially in those who showed severely reduced NK augmentation by the contact with HeLa-Ms cells. The results clearly indicate that these patients show no significant augmentation of NK activity by the addition of exogenous, IFN-containing MLTC supernates as well as of purified IFN. The patients who had relatively normal NK augmentation showed close to normal response to those exogenous IFN. Thus one has to consider both the capacity to produce IFN and the responsiveness of NK cells to thusly produced IFN in order to evaluate overall potential responsiveness of NK effector system to the stimulation such as virus-infected cells. Clinically, the severity of the impairment in NK responsiveness seemed to be correlated with the presence of systemic manifestations of SS. The "low responders" listed in Table II had various extraglandular manifestations, including hypergammagloblinemic purpura (case 1), generalized lymphoid hyperplasia (cases 1, 2, 4), and pleuropulmonary involvement (case 2), as well as concomitant viral infections (cases 1, 3) . The close-to-normal responders, on the other hand, had only glandular disease with or without RA. Conforming to the previous reports (21, 22) , the patients with SLE who had not been treated before showed severe depression of NK augmentability, whereas those with RA had normal NK activity. In contrast to these chronic inflammatory diseases, the patients who had acute hepatitis and lymphoadenopathy most likely due to viral infections clearly showed transiently elevated endogenous NK activity with further augmentation by HeLa-Ms cell stimulation.
At present, the basis for the impaired functions of NK-IFN system in patients with SS as well as SLE is not clear. None of these patients had been receiving corticosteroids, which is shown to depress NK activity (25) . Some of these with SS were receiving nonsteroidal antiinflammatory drugs including aspirin. It seems, however, very unlikely that these medications had affected the functions of NK-IFN system in patients with SS, because (a) the patients with RA who were also taking these drugs showed normal NK activity, and (b) most of the low responders in patients with SS were not receiving any of these drugs. Recently, it was reported that the reduced NK activity in patients with SLE was due to antilymphocyte antibodies in patients' sera (22) . We also observed the inhibitory effect of sera from some of the patients with SLE on the NK activity of normal individuals. On the other hand, our preliminary experiments failed to show any such effect of the sera from SS patients, whose NK activity was severely depressed, on the NK activity of normal controls. Furthermore, the depressed NK activity of a patient with SS has never been restored after repeated plasmapheresis (Table I) . We feel it unlikely that impaired NK-IFN function in SS patients is secondary to serum factors in these patients and may involve different underlying mechanisms from that in some of the SLE patients. The possible mechanisms might include, (a) the paucity of NK (or precursor) cells, which might be also responsible for IFN production, in the recirculation pool due to exhaustion by chronic persistent stimulation or to sequestration by local stimulations, (b) some metabolic abnormalities in NK as well as IFN-producing cells, (c) involvement of some kind of suppressor cells, although we failed to show the evidence for this by mixed experiments (data not shown), and (d) genetic influence, in which genes shown to be linked to SS might also affect the functions of NK-IFN system. The question remains to be investigated.
Recently, Virelizier et al. (26) reported a girl who had a chronic disease characterized by fever, lymphoid hyperplasia, interstitial pneumonitis, thrombocytopenia, and hypergammagloblinemia after EB virus infection. The patient has been shown to have a defect in IFN production in response to EBV-transformed cells in vitro as well as reduced NK activity (27) . In patients with multiple sclerosis in which persistent viral infection is suspected to be involved in pathogenesis (28) , the dysfunction of NK-IFN system was also reported (29) . Recently, we observed that the children with subacute sclerosing panencephalitis had severely depressed NK functions, especially against HeLa-Ms cells (manuscript in preparation). Although the involvement of (persistent) viral infections in SS is not established, it seems thus possible that impaired function of NK-IFN system could be one of the predisposing factors for the development of the disease, in particular for the systemic manifestations. In patients with SS, rather frequent development of lymphoproliferation including malignant lymphomas, has long been recognized (30) and extensively discussed by Talal et al. (31) . In this context, it is noted that Sullivan et al. (32) recently reported that most of the patients with X-linked lymphoproliferative syndrome (XLP) showed severely depressed NK activity. In these patients, extremely high incidence of lymphoma have been recognized (33) . Lymphoid hyperplasia including malignant lymphomas has been also frequently reported in patients with Chediak-Higashi syndrome (34) , which is the first genetic disease shown to have severe impairment in NK activity (35) . These results may suggest possible relationship between dysfunction of NK-IFN system and lymphoproliferation in these diseases including SS as common immunological basis, although the specific genetic/etiological factors should be quite different from each other.
